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Curved Members 


These conditions give a sufficient number of simultaneous equations for the eval¬ 
uation of the constants A x , A 2 , and A z . Utilizing Eq. (30.14i) and making the 
necessary substitutions, we get 

Y — (1 + A)(2#cos# — 7r cos# + 7r — 2 sin#) (30.15) 

8EI 

Since the slope in the plane perpendicular to the plane of curvature is given by 
Eq. (30.4), differentiating Eq. (30.15) with respect to # and substituting the result 
in Eq. (30.4) yields 

+ A )( 7r -20) sin0 (30.16) 

Next, differentiating Eq. (30.15) twice with respect to # and substituting the result 
together with Eq. (30.14a) into Eq.(30.8) gives the following equation for the angle 
of twist at any angle 9: 

ri = —^[2(1 — A) sin# + (1 + A)(7r — 29) cos#] (30.17) 

8 El 

Substituting in turn # = 0 and # = 7r/2 in Eq. (30.17) discloses an interesting 
phenomenon according to which, midway between the points of application of the 
moments T 0 , the ring twist decreases to zero and then changes its sign. This finding 
can be verified easily by means of testing a simple paper model. 


TRANSVERSELY LOADED RINGS 

Two other important cases of out-of-plane loading on circular rings are shown in 
Table 30.3. The formulas given in the table indicate that there is a remarkable 
similarity between the deflections for the distributed and concentrated loading. 
Also, for the same total load, that is, P = tt qR, the maximum deflection for the 
distributed load is equal to one-half of that due to the concentrated load. No such 
conclusions, however, can be drawn for the angle of twist. 

The behavior of the elastic rings on multiple supports and on elastic foundation 
has also received attention [174, 175]. Some of the formulas and design factors for 
these problems have been correlated with other simplified solutions involved special 
out-of-plane response [11]. 


GIMBAL RING DESIGN 

The analysis of gyroscope gimbals, handling equipment, structural support frames, 
flanged components, and similar configurations can be conducted with the aid of 
the principle of superposition and ring equations quoted so far for out-of-plane 
loading. Probably the two most frequently encountered cases involve uniform and 
concentrated loads disposed symmetrically with respect to the trunnion axis, as 
shown in Tables 30.4 and 30.5. The rings are assumed to have uniform cross 
sections and relatively rigid trunnions. All design factors are expressed in terms 



